The gluon condensate, αsG 2 , i.e. the leading order power correction in the operator product expansion of current correlators in QCD at short distances, is determined from e + e − annihilation data in the charm-quark region. This determination is based on finite energy QCD sum rules, weighted by suitable integration kernels to (i) account for potential quark-hadron duality violations, (ii) substantially quench the data beyond the first two narrow resonances, the J/ψ and the ψ(2S), and (iii) enhance the contribution of the gluon condensate in the sum rules. By using kernels exhibiting a singularity at the origin, the gluon condensate enters the Cauchy residue at the pole through the low energy QCD expansion of the vector current correlator. This feature allows for a stable and precise determination of the condensate, i.e. αsG 2 = 0.041 ± 0.005 GeV 4 . This is currently the most accurate value of this power correction. One of the two-pillars of QCD sum rules (QCDSR) [1] , an analytic method to obtain results in QCD, is the operator product expansion (OPE) of current correlators at short distances beyond perturbation theory, to wit. Given a current-current correlation function of the squared fourmomentum, Π(Q 2 ), the OPE is formally written as
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where O 2N (µ 2 ) is short for 0|O 2N (µ 2 )|0 , µ 2 is a renormalization scale, Q 2 < 0 is the squared fourmomentum, and the Wilson coefficients in this expansion, C 2N (Q 2 , µ 2 ), depend on the Lorentz indices and quantum numbers of the current J(x) entering the correlator, and of the local gauge invariant operators O 2N (µ 2 ) built from the QCD quark and gluon fields. These operators are ordered by increasing dimensionality and the Wilson coefficients, calculable in perturbative QCD (PQCD), fall off by corresponding powers of Q 2 (explicitly factored out in Eq. (1)). In other words, this OPE achieves a factorization of short distance effects encapsulated in the Wilson coefficients, and long distance dynamics present in the vacuum condensates. Since there are no gauge invariant operators of dimension d = 2 involving the quark and gluon fields in QCD, it is normally assumed that the OPE starts at dimension d = 4. This is supported by contemporary results from QCDSR analyses of τ -lepton decay data [2] - [4] , and e + e − annihilation data in the light-quark sector [5] , which show no evidence for d = 2 operators. With the exception of the quark condensate, the numerical values of the vacuum condensates cannot be calculated analytically from first principles as this would be tantamount to solving QCD exactly. They can be determined e.g. by confronting the OPE with suitable experimental data, as described in the sequel. The second pillar of the QCDSR method is the notion of quark-hadron duality. This is based on the use of the complex squared energy s-plane to invoke Cauchy's theorem to relate QCD with the hadronic sector. Stable hadronic states enter as poles in the current correlator on the real s-axis, and resonances as singularities in the second Riemann sheet. These singularities lead to a discontinuity across the positive real s-axis. Choosing a circular integration contour, and given that there are no other singularities in the complex s-plane, Cauchy's theorem leads to the finite energy sum rule (FESR) [1] s0
where p(s) is an analytic weight kernel, s th is the hadronic threshold, and the finite radius of the circle, s 0 , is large enough for QCD and the OPE to be used on the circle. Physical observables determined from FESR should be independent of s 0 . In practice, though, this is not exact, and there is usually a region of stability where observables are fairly independent of s 0 , typically somewhere inside the range s 0 ≃ 1 − 4 GeV 2 . Equation (2) is the mathematical statement of what is usually referred to as quark-hadron duality. Since PQCD is not valid on the real axis in the time-like resonance region (s ≥ 0), in principle there is a possibility of problems on the circle near the real axis (duality violations), an issue identified very early in [6] long before the present formulation of QCDSR. In order to account for this potential issue it was proposed in [7] - [8] to use suitable integration kernels pinched so that they vanish on the real axis.
Most early determinations of the vacuum condensates in the OPE, Eq.(1), were performed with simple kernels p(s) = s N and using the vector or axial-vector correlators together with data from e + e − annihilation in the lightquark sector, or τ -lepton hadronic decays [9] , as well as data on e + e − annihilation in the havy-quark region [10] . In the framework of fixed order perturbation theory the FESR, Eq.(2), become
where N ≥ 1, and I N (s 0 )| P QCD is the integrated PQCD contribution. In this approach, and to next-to-leading order in PQCD, radiative corrections to the condensates do not induce mixing of condensates of different dimension [11] , a welcome feature. All of these early results relied on available PQCD information at the time, mostly only up to next-to-next-to leading order, and on values of α s considerably lower than at present, i.e. some 40% lower. Due to this, the PQCD contribution to the FESR was a manageable correction leading to relatively high accuracy in the values of the condensates. This situation changed dramatically with the availability of radiative corrections at the five-loop level, and a considerably higher value of the strong quark-gluon coupling. As a result, current determinations based on Eq. (3) [3]- [5] , [12] are affected by such large uncertainties that the dimension d = 4 gluon condensate is known with a 100% error, and no meaningful results are obtained for condensates of higher dimension. This is due to the almost cancellation between two large and comparable quantities on the right hand side of Eq.(3). Given the importance of the gluon condensate in many applications of QCDSR, this problem calls for an alternative approach, which we pursue in this paper.
We consider the vector current correlator
where V µ (x) =c(x)γ µ c(x). From Cauchy's residue theorem in the complex s-plane one obtains
where p(s) is now an arbitrary function, the integral on the right hand side involves QCD, provided s 0 is large enough, and the left hand side involves the hadronic spectral function
with R c (s) the standard R-ratio for charm production in e + e − annihilation. The PQCD piece of Π(s), entering the integral around the circle in Eq. (5), can be formally written as
where e c = 2/3 is the charm-quark electric charge, and 1 have been found in [14] , and Π (3) 2 is known up to a constant [15] . At five-loop order, O(α 4 s ), the full logarithmic terms for Π (4) 0 were determined in [16] , and for Π (4) 1 in [17] . Since there is incomplete knowledge at this order we shall use the available information as a measure of the truncation error in PQCD. There is also a non-perturbative QCD contribution to Π(s), with the leading term being the gluon condensate. This contribution, though, is negligible on account of s 0 being large. However, the gluon condensate also enters in the sum rules through the Cauchy residue in Eq.(5), provided p(s) is singular at the origin, a feature that constitutes the essence of this determination. The low energy expansion of the vector correlator around s = 0 in PQCD can be written as
where z = s/(4m 2 c ). The coefficients C n are then ex-panded in powers of α s (µ)
where l m ≡ ln(m 2 c (µ)/µ 2 ). Up to three loop level the coefficients ofC n are known up to n = 30 [18] - [19] . At fourloop levelC 0 andC 1 were determined in [18] , [20] ,C 2 is from [19] , andC 3 from [21] . We shall choose p(s) so that no coefficientsC 4 and above contribute to the Cauchy residue at s = 0. Finally, the leading non-perturbative 
where the quark mass and the coupling depend on µ, and and other values given in [22] . The fundamental QCD parameters are the charm-quark mass m c (µ 2 ), the running strong coupling α s (µ 2 ), and the gluon condensate α s G 2 . For the strong coupling we use the current value from lattice QCD (LQCD) [23] α s (M 2 Z ) = 0.1183 ± 0.0007, and the charm-quark mass also from LQCD [24] m c (3 GeV) = 986.4 ± 4.1 GeV, which agrees with the most recent QCDSR determination [25] m c (3 GeV) = 987 ± 9 MeV. Solving the renormalization group equation for the strong coupling and for the quark mass one can obtain their values at any scale s in terms of their values at any given reference scale, e.g. s = s 0 [26] . Turning to the experimental data, we follow closely the analysis of [27] . For the first two narrow resonances we use the latest data from the Particle Data Group [28] , M J/ψ = 3.096916(11) GeV, Γ J/ψ→e + e − = 5.55 (14) keV, M ψ(2s) = 3.68609(4) GeV, Γ ψ(2s)→e + e − = 2.35(4) keV. These two narrow resonances are followed by the open charm region where it is necessary to subtract from the total R-ratio the contribution from the light quark sector, i.e. R uds . We perform this subtraction as in [29] . In the region 3.97 GeV ≤ √ s ≤ 4.26 GeV we only use CLEO data [30] as they are the most precise. In connection with the two data sets from BES [31] - [32] , we assume that the systematic uncertainties are not fully independent and add them linearly, rather than in quadrature. However, we treat these data as independent from the CLEO data set [30] , and thus add errors in quadrature. There is no data in the region s = 25 − 49 GeV 2 , and beyond there is CLEO data up to s ≃ 110 GeV 2 . The latter data is fully compatible with PQCD.
We discuss next the integration kernels p(s) in Eq. (5), which we choose as
with N ≥ 2. This choice is motivated by (i) the suppression of potential quark-hadron duality violations, as p(s 0 ) = 0, and (ii) the simultaneous enhancement of the two ground state narrow resonances and the quenching of the resonance region contribution. This second feature can be appreciated from Fig. 1 . In principle, the constant term in the kernel, Eq. (14), should not contribute to the sum rule, Eq. (5), for obvious reasons. If quarkhadron duality were to be exact, then this would be an exact result. However, aside from potential duality violations, there still remains the issue of the specific value of the threshold for PQCD, i.e. the value of s 0 . Fortunately, while numerically the line integral is not exactly equal to the integral around the circle, the contribution of this constant term in p(s) to Eq.(5), i.e. the difference between the two integrals is between one and two orders of magnitude smaller than the rest of the contributions. Regarding the value of N , as discussed in [27] , inverse moments p(s) = 1/s N should not involve too large values of N . In fact, the convergence of PQCD deteriorates with increasing N , and the uncertainties in α s and the renormalization scale µ have a greater impact on the total error of the result. We found that Eq. (14) with N = 2 is the optimal kernel as explained next. In Fig.1 we show the experimental data for the ratio R(s) together with the kernel Eq. (14) with N = 2 and for s 0 ≃ 23 GeV 2 , and the simple kernel p(s) = 1/s 2 normalized such that both kernels coincide at the peak of the second narrow resonance ψ(2S), i.e. s ≃ 13.6 GeV 2 . One can easily appreciate that in comparison with the latter, the former kernel leads to a welcome higher enhancement of the weight of the J/ψ and the ψ(2S), as well as to a strong suppression of the broad resonance region, particularly near the onset of the continuum. Also, the kernel, Eq. (14) , with N = 2 (i) leads to the most stable result for the gluon condensate as a function of s 0 , and (2) gives a result with the smallest uncertainty. In Fig.2 we show the gluon condensate from the FESR, Eq. (5), with the kernel, Eq. (14) , with N = 2, as a function of s 0 in the stability region using the minimum and maximum pair of values of the charm-quark mass and the strong coupling. The contour integral evaluated using fixed order perturbation theory (µ 2 = s 0 ) gives essentially the same result as using contour improved perturbation theory. The numerical value is α s G 2 = 0.041 ± 0.005 GeV 4 ,
which is the current most accurate value of this condensate. This accuracy has been possible mostly from employing a suitable integration kernel, singular at the origin in the s-plane, which (i) invites the gluon condensate to enter the FESR in a leading role through the Cauchy residue in Eq. (5), and (ii) in the hadronic sector enhances the contribution of the well known narrow resonances, while quenching substantially the region beyond.
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